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ABSTRACT	
Sustainability technologies for housing can yield significant benefits (environmental, 
social and economic). However, the general public’s unfamiliarity with these, unclear 
channels of communication, confusion by an extensive range of technologies available 
and conflicting sources of information are some of the main reasons for slow adoption 
of sustainability features, technologies and processes within the housing industry in 
Australia. Although sustainability technologies are evolving at a fast pace, their 
implementation in the housing industry has been occurring slowly. Australians could 
be missing opportunities for affordable, healthy, comfortable and environmentally 
friendly homes. Sustainable housing offers one of the most cost-effective solutions to 
climate change along with many other benefits. Therefore, there is a big need to 
incorporate sustainability into Australia's homes. 
This research focusses on homeowners and homebuilders of Class 1a and Class 2 
buildings in Australia as well as in the different types of technologies available within 
the country to be applied to these dwellings. The overall goal of this research is to 
identify the needs and analyse the impact of an online platform that provides guidance 
towards the selection of sustainability technologies while promoting their advantages 
efficiently and effectively. Thereby, helping to overcome the green housing information 
gap among real estate stakeholders. The approach chosen to achieve this goal 
involved a preliminary online questionnaire, sustainability technologies data 
acquisition, development of a technologies database along with cost-saving calculator, 
animated explanatory videos and a website. A final questionnaire analyses the 
outcome impact of the website on respondents’ opinions and decision-making. 
Preliminary results were essential to shape the website to address homeowners’ 
requests and needs. The final questionnaire is based on the Technology Acceptance 
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Model. It indicates perceived usefulness, ease of use, attitude and behavioural 
intention to use the website as a knowledge source. Overall, results were fairly 
consistent among respondents concluding that such a tool, if widely used, may help 
boost sustainable housing across Australia. 
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CHAPTER	1:	INTRODUCTION	
1.1 INTRODUCTION 
Sustainability is balance among social, environmental and economic aspects which 
can always be improved. It is about being able to sustain communal life quality, health 
and environment protection for today's generation without jeopardising future ones 
(WCED 1987). 
With climate change, air pollution, potable water shortage, global warming and many 
other current environmental issues faced by humanity, scalable and rapid solutions 
are desperately needed. The incorporation of sustainability technologies such as solar 
PV, solar hot water, rainwater tanks, and heat recovery systems in the housing 
industry is an important and essential step towards enhancing its sustainability.  
The knowledge and technologies necessary to overcome and minimise most of these 
issues are already available. However, sustainability has not been consistently applied 
to the housing industry in Australia. The slow adoption of sustainability in the 
Australian housing industry is the starting point of this research. Sustainability 
technologies have the ability to minimise or offset the negative impact a household 
and its occupants may cause to the environment. Therefore, improving occupants’ 
health and lowering their home’s operational costs. 
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1.2 SIGNIFICANCE 
To incorporate sustainability features into a home, an individual can refer to various 
tools and information sources. Some tools are represented in Figure 1. 
Plenty of information on sustainable housing can be found online in newsletters, blogs, 
books, articles and information websites. However, to a layperson, it may cause 
information overload and require time demanding research. Rating tools available may 
guide towards better house design, choice of materials, and performance 
measurement. However, its use requires professional knowledge and training. For a 
dwelling aiming to achieve a specific status or certification, frameworks available may 
provide some guidance on the design, construction and performance. Online 
calculators, such as those listed in Table 1, efficiently provide information, since they 
typically enable the visualisation of data in a graphical and interactive format. 
However, they are only available for a few specific types of technologies, mainly PV, 
and are spread throughout different websites. Two databases were identified in Table 
1, Ecospecifier and WELS. These facilitate an individual to find specific products. 
However, it requires the individual to have some basic knowledge to know what to look 
for. Therefore, currently, as presented in Figure 1, there is no simple tool available that 
Figure 1. Some of the current tools, software and information diffusers available in Australia. 
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is able to guide homeowners and home builders towards the adoption of sustainability 
technologies, pointing out its costs, savings, payback time and benefits. This confirms 
the need for a tool that is efficient in disseminating information. A tool that can be 
easily used by anyone and provide guidance towards the process and transition to 
sustainable housing. 
 
1.3 MOTIVATION 
In 2015, to tackle climate change, countries adopted the Paris Agreement, and 
Australia has committed to reducing its current greenhouse gas (GHG) emissions by 
26-28% below 2005 levels by 2030 (Australian Government 2015). Factors that 
influence GHG emissions have several aspects and interact with each other directly 
and indirectly (Figure 2). Therefore, these factors create many drivers to lower 
emissions (IPCC 2014). Actions that are taken towards reducing greenhouse gas 
emissions often reduce co-emitted air pollutants generating co-benefits for air quality 
and human health (West et al. 2013). 
Energy demand from residential homes in Australia is responsible for 15% of national 
greenhouse gas emissions (Energy Inspection 2017). Looking at the life-cycle of a 
residential building, 70-80% of GHG emissions occur post construction (Ng et al. 
Figure 2. Some of the interconnected impacts caused by 
GHG emissions from residential buildings. 
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2012). Therefore, the housing industry offers an excellent opportunity for climate 
change mitigation and adaptation. The housing industry is one of the most cost-
effective climate change mitigation strategies available (Energy Inspection 2017). 
Sustainability features and technologies minimise costs and environmental impacts 
from day one and may start with low to no additional cost changes, such as proper 
orientation, window type, location and size, shading, insulation, materials and building 
layout (Parry 2014). However, these are often seen as an extra cost to housing 
development. Therefore, one of the major barriers to adhering to sustainable 
development is financial (Zhang, Shen, and Wu 2011).  
These costs have reduced over the years and will further reduce as technology 
advances. It is hence accelerating the willingness of homeowners and homebuilders 
towards incorporating sustainability into new homes through retrofitting. There are 
numerous successful examples in Australia and across the world. Josh's house in 
Perth, WA, is one of these examples. It consists of a 10-star NatHERS energy house 
built within the national average timeframe (6 months) and cost ($1,200 per square 
metre) for a similar size house (Low Carbon Living CRC 2013). For its operation, when 
compared with other similar sizes Perth business as usual (BAU) homes, Josh's house 
has shown outstanding performance. That is energy savings of ~$1,500 per year (after 
exporting to grid rebate), water savings of ~$500 per year and CO2 reduction of ~5 
tonnes per year (Josh Byrne & Associates 2014). Josh’s house is a real example of 
some of the possibilities of sustainable housing in Australia. 
Climate Change projections for Australia show much longer dry spells interspersed 
with more intense extreme precipitation events (Alexander and Arblaster 2017). 
Therefore, sustainable water consumption has also become a critical issue (Mainali et 
al. 2011). In Perth, WA climate change has led to a 50 to 40 per cent reduction in the 
 18 
yield of surface water storages in the last 20 years (Tapsuwan et al. 2007). 
Nevertheless, Perth household's water uses are still one of the highest in the country. 
As for solar energy, Australia has an extremely high potential (Figure 3) and could 
therefore be one of the world’s leaders in household solar (Australian Bureau of 
Meteorology 2017; Vorrath 2015). The amount of radiation hitting Australia every year 
is sufficient to power the whole country for 10,000 years (Smith 2015). In addition, 
solar PV costs have dropped around 58% between 2011 and 2016 and are expected 
to continue to fall by a further 40-70% by 2040 (Climate Council 2017). 
 
Horne and Hayles (2008) conducted a study where they used AccuRate software to 
compare the Australian housing stock with dwellings located in Australian equivalent 
climate zones in the US, Canada and UK. When conducting the study, in 2006, the 
minimum requirements for Australian houses had recently been set to NatHERS 5-
stars. The results, Figure 4, showed much higher building quality design in foreign 
countries. Only four out of fifty-one buildings analysed achieved less than 5-stars 
(Horne and Hayles 2008). AccuRate is an accredited NatHERS (Nationwide House 
Figure 3. Australia's average annual solar exposure map (Australian 
Bureau of Meteorology 2017) 
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Energy Rating Scheme) software rating tool which takes into account many building 
design characteristics such as thermal mass, insulation, window size location and 
glazing type, building location, orientation, shading and many others. Using these 
design characteristics, the software can assess the thermal performance of proposed 
and existing home designs and assess the compliance of new home designs with 
parts of the energy efficiency requirements in the National Construction Code (NCC) 
(Reidy, Reardon, and Milne 2013). The software provides a star rating which varies 
from zero to ten where zero is extremely poor -i.e. low energy efficient building 
requiring high mechanical heating and cooling to maintain human thermal comfort- 
and, ten is excellent -i.e. high energy efficient building requiring minimum to no 
mechanical heating or cooling to maintain human thermal comfort-.  
Across New South Wales all new residential dwellings must comply with the Building 
Sustainability Index (BASIX). BASIX reduces a home water and energy consumption 
Figure 4. AccuRate Star Rating for Australian equivalent climate zones buildings in the US, UK 
and Canada (Horne and Hayles 2008) 
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by setting minimum requirements during design stage. For example, for water, BASIX 
benchmark is 90,340 litres of water per person per year (Department of Planning & 
Environment 2019). Nevertheless, the average water consumption per person per 
year is 127kL for Perth and 118kL for Sydney (Water Corporation 2019; Sydney Water 
2018). 
Therefore, the Australian housing industry requires plenty of improvements, from 
design to incorporation of renewable sources of energy and water. Improvements to 
the housing industry may positively impact climate change mitigation and human 
health while providing various financial and environmental benefits.  
 
1.4 RESEARCH GAP 
The majority of the published information on sustainability in the housing industry 
focuses on environmental benefits (Castillo and Chung 2004). Information 
acknowledging economic benefits from sustainability features added to a dwelling 
should also be available since it may be valuable in a decision-making context (Lorenz 
and Lützkendorf 2011). Therefore, sustainability needs to be recognised as a worthy 
investment (Castillo and Chung 2004). 
This research is based on the notion that slow adoption of sustainability materials, 
processes and technologies within the housing industry is due to unfamiliarity with new 
technologies and their benefits (both environmental and economic) and unclear 
channels of communication (Crabtree and Hes 2009). The research hypothesis is that 
the consumer has the power to change the current housing situation in Australia if 
supplied with the benefits and advantages of sustainable housing. Several housing 
sustainability technologies are currently available to support sustainable housing. 
However, they have not been overly applied to the extent possible. According to Wong 
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et al. (2015), the vast range of environmental, economic and social sustainability 
options available may confuse and slow adoption among property developers, 
investors, and occupiers (real estate stakeholders). According to Crabtree and Hes 
(2009), interviews with architects, builders and state and private developers 
highlighted the need for information dissemination on the sustainability of each feature 
and costs involved. Again, in 2016, Wong et al. emphasised that there is no effective 
information distributor among stakeholders, especially developers, investors and 
homeowners. Therefore, there is a need for an information distribution method that 
can guide them through their decision-making processes (Wong et al. 2016). 
Sustainability can improve a project in the aspects of economics (lower operational 
costs), ecology (better building sustainability performance) and equity (protecting the 
health of building residents). Therefore, its advantages must be clearly shown to 
owners and decision makers so that sustainable development can be seen completely 
and be further implemented (Castillo and Chung 2004; Zhang, Shen, and Wu 2011; 
Berry et al. 2019). 
 
1.5 AIM AND OBJECTIVES 
This research aims to test the hypothesis that if the consumer is aware of the benefits 
and advantages of sustainable housing, they may see it as an investment rather than 
an extra cost. This could increase sustainable housing adoption. The specific 
objectives of this research, in order to test this hypothesis, are: 
1. Identify the barriers and drivers of sustainability technology adoption in the 
housing industry. 
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2. Ascertain the need for an online platform which provides guidance towards the 
selection of sustainability technologies and promotes its advantages efficiently 
and effectively 
3. Assess homeowners’ sustainability knowledge and view on how the information 
gap could be overcome. 
4. Use this information for the development of an online platform for enabling 
sustainable housing information across Australia. 
5. Develop the necessary tools for the online platform. 
6. Analyse the tools and online platform impact on users and their future decision-
making process. 
7. Analyse the contribution of this research to the better understanding of  
sustainability in the housing industry. 
 
1.6 THESIS STRUCTURE AND SCOPE 
The thesis is structured as follows: 
This chapter presented a general context, significance and overall background of the 
research. It also establishes the aims and objectives of the study. 
The second chapter is a literature overview and analysis on subjects related to this 
study. 
The methodology, Chapter 3, describes the steps taken to produce this study. This 
chapter provides information necessary to replicate the studies that form part of this 
thesis. 
Chapter 4 showcases the results and discussion generated by both survey studies. It 
synthesises the results and discusses them against the thesis aim and objectives. It 
also discusses the quality, assumptions and limitations of the results. 
 23 
The last chapter summarises the key findings of the thesis and provides 
recommendations for further studies. It also provides the importance of the thesis 
outcome to future studies. 
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2 CHAPTER	2:	LITERATURE	REVIEW	
2.1 INTRODUCTION 
Sustainability is finding ways to harmonise the human economy with the ability to 
protect the cyclical character of the Earth’s systems (Prugh and Assadourian 2003). 
Since the industrial revolution, the natural cycles have been increasingly ignored or 
altered by humans causing a long-term and dangerous depletion of natural capital 
(Prugh and Assadourian 2003). Harvesting renewable resources sustainably, reusing 
and recycling materials, and rebuilding and nurturing soils are essential towards 
restoring the Earth’s cyclical system (Prugh and Assadourian 2003). Current 
technology allows a building to be designed to provide not only an aesthetically 
pleasing structure, but also the essential provisions of comfort, shelter and a healthy 
indoor environment (Parry 2014). There are plenty of technologies available to enable 
enhanced sustainability of the construction and design and energy and water 
efficiency of a dwelling. Among them, simple upgrades such as, solar passive design, 
low embodied energy materials, and low flow water fittings may have little or no 
additional construction cost while saving considerable money every year (NatHERS 
2018). Over the years, numerous dwellings have been built in Australia without proper 
planning, site orientation, source of materials, quality and overall efficiency 
consideration. Although higher standards are becoming requirements and 
sustainability technologies and products are evolving at a fast pace, its diffusion and 
implementation to the housing industry have been occurring at a slower pace than 
necessary to provide Australians with affordable, healthy, comfortable and 
environmentally friendly homes. 
Some of the main reasons currently uncovered in the literature for slow adoption of 
environmentally sustainable materials and processes within the Australian housing 
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industry are: unfamiliarity with new sustainable technologies and its benefits (both 
environmental and economic), unclear channels of communication, and confusion by 
extensive range of technologies available and its uncertainties (Castillo and Chung 
2004; Crabtree and Hes 2009; Wong et al. 2015). Therefore, there is a strong need to 
extend sustainability knowledge to the public in a simpler way so it gets incorporated 
into their homes. 
2.2 CLIMATE CHANGE 
2.2.1 BACKGROUND 
Energy, carbon, nitrogen and water natural cycles play an important role in Earth’s 
natural balance. Human activities can impact these cycles causing changes to our 
planet’s climates. As humans evolved, also did our technology and our needs, further 
increasing our negative impact on Earth’s natural cycles. Removing and burning fossil 
fuels which were stored underground for millions of years adds a great amount of 
greenhouse gases to our atmosphere. These gases remain in our atmosphere for a 
long period of time. 
Figure 5. The science behind global warming (Clark 2013)  
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This led to cause what is known as global warming and slow changes to Earth’s 
climate. Figure 5 provides a brief overview of the science behind global warming and 
the potential impacts of climate change.  
On top of burning fossil fuels, logging and clearing land for agriculture or livestock is 
part of human history. Forests are responsible for absorbing massive amounts of CO2 
(World Wildlife Fund 2016). Unfortunately, these were, and still are being destroyed 
or damaged at an alarming rate, having a massive contribution to the quantity of 
greenhouse gases in the atmosphere. Scientists estimate that up to 13% of global 
carbon emissions come from deforestation (World Wildlife Fund 2016). 
Respected scientific organisations such as the National Academy of Science, the 
Intergovernmental Panel on Climate Change (IPCC) and World Meteorological 
Association (WMO) have all identified climate change as an urgent threat caused by 
humans that must be addressed (World Wildlife Fund 2016). The industry should 
prepare for future climate changes and ensure it has the knowledge, skills and tools 
to adapt and future-proof buildings (Berry et al. 2014).  
2.2.2 IMPACTS AND CONSEQUENCES 
In 2017, global warming reached approximately 1˙C above pre-industrial levels (Figure 
6). If the present rate of increase continues, global temperatures will reach 1.5˙C around 
2040 (Allen et al. 2018). It may seem like a small number however the amount of energy 
required to increase Earth’s temperature is massive. 
Australia is already experiencing climate change impacts such as an increase in 
wildfires, ocean acidification threating the Great Barrier Reef and heat and drought 
becoming more common, severe and longer lasting (The Climate Reality Project 2019). 
These impact human lives and livelihoods, culture and values, and whole ecosystems 
(Allen et al. 2018). 
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The January 2014 heatwave in Victoria, Australia resulted in 167 more deaths than 
normally expected and Australian agriculture and livestock have been negatively 
affected (Department of the Environment and Energy 2019). Figure 7 is a schematic 
representation of global warming and some of its consequences. 
Figure 7. Human-induced warming reached approximately 1°C above 
pre-industrial levels in 2017. Stylized 1.5°C pathway shown here 
involves emission reductions beginning immediately, and CO2 
emissions reaching zero by 2055 (Allen et al. 2018). 
Figure 6. Schematic representation of Earth's energy imbalance due to 
greenhouse gases and its consequences (Schuckmann et al. 2016). 
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EXTREME WEATHER 
It is not uncommon to hear the question: If Earth is getting warmer why is the cold 
weather so extreme? The U.S. President, Donald Trump, asked this question recently. 
It is important to remember that it is not climate change that causes global warming, 
but global warming that is causing the climate to change. Also, that climate and 
weather are different. The extra 1˙C heat energy in the atmosphere alters the air 
masses causing changes in weather patterns and extreme weather events. Long-term 
annual patterns of weather changes represent climate change.  
As a consequence of global warming and climate change, natural events such as 
floods, droughts, heat and cold waves, wildfires, changes in rainfall patterns, and 
tropical cyclones are happening more often and severally. Figure 8 shows the 
probability of an increase in disasters over the next 50 and 100 years. 
 
Figure 8. Panel 1-4 show the predicted monthly probability of a disaster in the years 2050 and 
2100 based on the climate change scenario RCP8.5. Most of the predicted probabilities for 
individual months are not statically significant; the results should only be interpreted as 
indicative of the potential increase in the frequency of disasters with climate change. Data 
sourced from: International Disaster Database (EM-DAT), Climate Research Unit (CRU), NASA 
Earth Exchange Global Daily Downscaled (NEX-GDDP) and IMF staff calculations (Acevedo and 
Novta 2017). 
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SEA LEVEL RISING 
Because of global warming, there is excess heat accumulating in Earth’s atmosphere. 
According to Schuckmann et al. (2016), 93% of the heat excess accumulated in the 
climate system have been stored in the sea, while the remaining 7% have been 
warming the atmosphere, continents and melting sea and land ice. Research results 
demonstrated that global mean sea level has risen 3.1mm and is rising at a rate of 
3mm per year (Cazenave et al. 2018). 
OCEAN ACIDIFICATION 
The ocean is not only storing the heat excess but also the CO2 excess from the 
atmosphere. This has slowed down climate change. However, it has increased water 
acidity. It is estimated that ocean water acidity has increased by 26% since 1850 
(Coast Adapt 2017). 
 
Figure 9. Ocean acidification schematic representation (Coast Adapt, 2017). 
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BIODIVERSITY LOSS 
More acidic water can reduce marine life capacity to form shells and skeletons 
(calcification) and existing shells become vulnerable to dissolution. This impact on 
marine life may dysregulate the food chain which would create a whole new set of 
issues affecting biodiversity. Wildfires and other extreme weather events may also 
heavily contribute to biodiversity loss. 
HUMAN HEALTH IMPACTS 
With the higher frequency of extreme weather events, climate change impact on public 
health has escalated quickly. 
Climate change impacts increase human death as well as physical and mental health 
issues. Figure 10 shows some of the human health impacts derived from climate 
change. 
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Figure 10. Examples of climate change impacts on human health (U.S. Global Change Research 
Program, 2019). 
 
2.2.1 THE BUILT ENVIRONMENT 
The U.S. Green Building Council identified buildings in the commercial and residential 
sector to account for 39% of CO2 emissions in the United States (U.S Green Building 
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Council 2005). This percentage of emission alone is responsible for more CO2 
emissions annually than those of any country, except China (U.S Green Building 
Council 2005). On a global level, residential buildings and construction sector account 
for 39% of energy-related CO2 emissions (International Energy Agency and the United 
Nations Environment Programme 2018). Out of 39%, 28% of global energy-related 
CO2 emission derives from the residential sector (International Energy Agency and the 
United Nations Environment Programme 2018). These are generated from the 
combustion of fossil fuels to provide heating, cooling, lighting and power appliances 
and electrical equipment.  
Australia shares responsibility for 1% of the global total carbon budget (Green Building 
Council of Australia 2018). Therefore, to stay within the 1.5 to 2˙C limit and 
decarbonise at a consistent rate, Australia needs to ultimately achieve an 80% 
reduction from current levels by 2050 (Green Building Council of Australia 2018). 
Energy demand from households is responsible for 15% of Australia’s greenhouse 
gas (GHG) emissions. This high percentage makes the housing industry an excellent 
pathway to climate change mitigation and adaptation (Energy Inspection 2017). Thus, 
this pathway is considered one of the most cost-effective climate change mitigation 
strategies. 
With Climate Change, outdoor temperatures are predicted to rise, and much longer 
dry spells interspersed with more intense extreme precipitation events are also 
predicted (Alexander and Arblaster 2017). Therefore, a balance between climate 
change mitigation and adaptation is essential. Going forward, future proofing 
(adaptation) buildings against climate change impacts will become more common and 
a requirement as well as reducing its operational energy and water use (mitigation). 
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2.2.2 KEY DRIVERS AND POLICIES TO REDUCE CO2 EMISSIONS 
Government bodies can have a great impact on reducing CO2 emissions via policies 
and framework documents. The National Carbon Offset Standards provides a 
framework consistent with international standards on what emissions should be 
addressed by building and precincts. The Property Council of Australia and other State 
Government bodies have adopted this framework. 
The Green Building Council of Australia provides a voluntary rating, boosting 
sustainability in the construction industry and provides significant assistance in the 
development of industry standards. The National Construction code is another 
important key driver towards reducing CO2 emissions, outlining energy efficiency 
measures requirements. The industry also plays a vital role in providing solutions and 
promoting successful projects inspiring others to commit to reducing their impact. 
 
2.3 AUSTRALIAN HOUSING INDUSTRY 
2.3.1 BACKGROUND 
In Australia, new housing constructions must comply with the performance 
requirements set by the National Construction Code (NCC) through either deemed-to-
satisfy solutions, alternative solutions or a combination of both (ABCB 2016b). 
Produced and maintained by the Australian Building Codes Board (ABCB) on a 3-year 
amendment cycle, the National Construction Code (NCC) incorporates three volumes 
which provide all on-site minimum necessary requirements for new constructions 
(ABCB 2017a). Australian building regulation was known by Building Code of Australia 
(BCA) until 2011 when buildings and plumbing regulations were consolidated resulting 
in the NCC (ABCB 2017a). By using climatic data from the Australian Bureau of 
Meteorology the ABCB developed a Climate Zone map (Figure 11) dividing Australia 
 34 
into eight climate zones to consider variations on energy efficiency deemed-to-satisfy 
provisions (ABCB 2017a). As an energy efficiency requirement, since 2010, all new 
constructions must meet a minimum 6-star NatHERS, except climate zones 1 and 2 
which requirements vary between 5 and 5.5 minimum star rating depending on its 
outdoor area (ABCB 2016b). A study explored the NatHERS dataset of building 
approvals for new detached and row houses in Australia from May 2016 to December 
2018. From 187,320 house ratings, only 1.5% were designed to performed to 7.5 stars 
and overall average across WA, TAS, VIC, SA and ACT is 6.2 stars (Moore, Ambrose 
and Berry 2019). The fact that no significant improvement in design has happened in 
the 8 years since introduction of the minimum 6-star NatHERS requirement suggests 
there are significant barriers.  
 
In addition, neither the NatHERS rating scheme nor the NCC consider airtightness, 
which Ren and Chen (2015) suggest can affect both building energy consumption and 
indoor air quality. Air infiltration in dwellings has been proven by many studies to have 
Figure 11. Australian climate zones map (ABCB 2015). 
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a significant impact on its thermal load, and moisture and pollutants flow rate (Younes, 
Shdid, and Bitsuamlak 2012). Air flow through cracks, doors, windows, vents, 
fireplaces and ceilings are responsible for around 50% of heating and cooling loads in 
residential buildings (Younes, Shdid, and Bitsuamlak 2012). Through air leakage, 
pollutants and moisture infiltrate the building’s envelope causing moisture 
accumulation and distribution of indoor air pollutants (Younes, Shdid, and Bitsuamlak 
2012). Therefore, the current Australian minimum housing standards do not meet a 
standard level sufficient to provide comfortable, healthy and energy efficient homes. 
Ambrose and Syme (2017) performed a blower door test in 125 homes throughout 
Australia. All tested home were built to the current NCC energy efficiency standard.  
Ambrose and Syme (2017) observed an overall air change rate per hour (ACH) of 15.5 
@50Pa and that only a third of the houses performed under 10 ACH@50Pa. 
Furthermore, Ren and Chen (2015) carried out blower door tests in houses in 
Melbourne, Australia and concluded that infiltration rates could be reduced by around 
52% by sealing major air leakages resulting in an average saving of 7% in space 
heating and cooling loads per annum.   
A comparison of Australia's air change per hour (ACH) at 50Pa with other developed 
countries (Table 1) proves the need to set a lower minimum requirement to start the 
move towards a Passivhaus standard. A passive design (passivhaus) means that the 
house is built to work with nature. Its design allows for space heating and cooling 
related energy savings of up to 90% compared with typical building stock and over 
75% compared to average new builds (Passive House Institute 2015). Passive design 
is also achieved by proof-sealing the building fabric eliminating heating and cooling 
losses therefore, reducing its air changes per hour. From the use of NatHERS, it is 
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roughly estimated that Australia would achieve an average rate of 15 ACH@50Pa 
(Ambrose and Syme 2017). 
Table 1. Air infiltration requirements for new residential buildings by country (European 
Commission 2008; Natural Resources Canada 2012; U.S Department of Energy 2011; Ambrose 
and Syme 2017). 
Country ACH @50Pa Country ACH 
@50Pa 
UK 10 Netherlands 8 
Finland 4.3 Sweden 2.88 
Norway 4.3 Spain (North) 17.1 
France 5.5 Spain (South) 31.6 
Belgium 3.2 Passivhaus Standard 0.6 
Germany (Natural 
ventilation) 
3.2 USA (depending on 
climate) 
3-5 
Germany 
(Mechanical 
ventilation) 
1.6 Canada (depending on 
climate) 
2.5-3 
Australia 15   
 
The Australian housing industry problem does not end with poor design and poor 
energy efficiency. For example, in Western Australia, 69 percent of urban water uses 
are from households (Department of Water 2016). Projections are that the State's 
water consumption will increase from 550 GL to between 800-1000 GL per year by 
2050 with groundwater already limited in most aquifers. Perth household's water uses 
is one of the highest in the country, and it can be broken down to mainly irrigation-
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39%, shower and bath-25%, toilet-9%, washing machine-7% and taps-6% (Figure 12) 
(Water Corporation 2009).  
From these, excluding shower, bath and taps, all other water uses can be substituted 
with recycled and rainwater instead of mains water use (Mazzo and Anda 2018). This 
substitution can be done via adoption of sustainability technologies such as rainwater 
tanks and greywater diversion systems reducing a household’s water consumption by 
around 50% (Mazzo and Anda 2018). With Australia’s dry climate and variable rainfall, 
sustainable water consumption has become a critical issue (Mainali et al. 2011). By 
adopting sustainability technologies, households may have a substantial impact on 
water management at a local level (Mazzo and Anda 2018). Consequently, helping 
infrastructure size reduction and reducing the negative impact their homes may have 
on the urban water cycle. 
2.3.2 IMPACTS AND CONSEQUENCES 
Poor housing design, development and construction also have adverse effects on 
householders' health. Air-conditioning units are largely used, especially during 
heatwaves, to improve household comfort. The extensive use of mechanical air-
conditioning, however, is a remediation other than a solution. Increased use of air-
conditioners raises household energy demand, living costs, financial stress, 
Figure 12. Perth’s household water usage breakdown (Water Corporation 2009). 
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greenhouse gas emissions and people’s vulnerability to heat stress in case of power 
failures (Willand, Ridley, and Pears 2016; Moore et al. 2016). Willand, Ridley, and 
Maller (2015) investigated several articles related to these impacts and revealed that 
energy efficiency improvements benefit cardiovascular, respiratory, mental and social 
health, mainly due to the provision of warmth in the home.  Barnett, de Looper, and 
Fraser's (2008) research and many studies investigated by them found a strong 
relationship between low temperatures (winter) and heart failures, especially in 
elderlies. Looking at an economic side of this issue, approximately 2.7 billion AUD is 
spent per annum on managing heart failures and followed in-patient care (Chan et al. 
2016). In contrast, temperatures are predicted to increase due to climate change. 
Together with increasing elderly population, more prone to climate-related health 
issues and mortality, indoor overheating may become more common in the future 
(Simpson et al. 1997; Barnett, de Looper, and Fraser 2008). Some concerns have 
been raised related to well insulated and airtight homes leading to overheated homes 
during summers and impacting on occupant’s health, energy consumption and bills 
(Willand, Ridley, and Pears 2016). While studies have confirmed a relationship 
between Passivhaus standard and indoor overheating (McLeod, Hopfe, and Kwan 
2013), many have related this occurrence to occupant’s behaviour (Tabatabaei 
Sameni et al. 2015; Moore et al. 2016; Morgan et al. 2015; University of Melbourne 
2017), since a well-designed dwelling may perform poorly if mis-managed. As 
presented in section 2.3.1 of this document, air infiltration in dwellings not only affect 
the dwelling’s thermal load but it also has a significant impact on its moisture and 
pollutants flow rate. Poor indoor air quality can result in significant adverse impacts on 
householders’ health. Mechanical ventilation with heat recovery device can 
significantly improve indoor air quality and minimise heat and cooling loss. In addition, 
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Ambrose et al., (2019) quoted “Evidence suggests consumers are not acting rationally 
or making decisions to maximise their financial well-being. Rather, they just accept the 
minimum performance the building sector delivers”. 
Therefore, a good house design incorporated with sustainability technologies may 
provide a comfortable, healthy, and energy and water efficient home. Such home has 
the ability to address environmental, economic and social issues on both single 
dwelling and community levels. 
 
2.4 SUSTAINABLE HOUSING 
The significant increase in urban population has the 21st century as the first point in 
recorded history when the proportion of the world’s population living in urban 
environments has surpassed those living in the rural environment (Brown, Keath, and 
Wong 2008). With that, the demand for energy, water and mobility also increased, 
making cities a critical focal point for promoting sustainable practices (Brown, Keath, 
and Wong 2008). 
A home, to be considered sustainable, must achieve the triple bottom line principles; 
economic, environmental and social (Myers, Reed, and Robinson 2007). The home 
must be affordable to build, to maintain and to operate, that is, economically 
sustainable. It must consider the surrounding environment, protect it and minimise 
resource utilisation as well as carbon and ecological footprint, that is, environmentally 
sustainable. Furthermore, it must protect the occupant’s health, providing safety and 
comfort, that is, socially sustainable. With Climate Change, outdoor temperatures are 
predicted to rise, therefore requiring a balance between climate change mitigation and 
adaptation. Sustainability, when applied to the housing industry may produce more 
environmentally friendly homes, reduce occupant's carbon and ecological footprint 
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and therefore, provide future-proof homes ready for protection against severe weather 
changes (Reardon and Downton 2013).  
Sustainable houses improve air quality, sunlight, views to the outdoor and contact with 
nature, which are some of the main building variables that have a significant impact 
on human health, well-being, and work performance (Heerwagen 2006). These can 
also be viewed as a risk reduction strategy, since it may reduce costs related to human 
health and well-being.  Therefore, investing in building or renovating a home with 
sustainability in mind is beneficial for its occupants, the surrounding environment and 
to the community. 
2.4.1 SUPPORTING CASE STUDIES 
Heralded as the future-like scenario, the market for sustainable buildings is growing 
and gaining momentum (Myers, Reed, and Robinson 2007). Projects which showcase 
technologies and deals with the uncertainty that is inherently involved in opting for new 
alternatives to those previously in existence are essential to the housing transition 
process (Rogers 1983). 
Appendix A includes images of the projects described in this section in order to provide 
some level of illustration of the possibilities around sustainable housing. 
2.4.1.1 Christie Walk in Adelaide, Australia 
Located in the heart of Adelaide, Australia. Christie Walk is composed of apartments, 
townhouses and detached cottages with a total of 40 residents. It was completed in 
2006 in a 2,000m2 lot. Its sustainable features include passive solar design, solar hot 
water, communal photovoltaic system, rainwater harvesting and reuse, on-site food 
production in communal garden and use of sustainable construction materials (Josh 
Byrne & Associates 2017a; Sustainability Victoria, n.d.). 
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2.4.1.2 Josh’s House in Perth, WA Australia 
Josh’s House consists of two 10-star NatHERS energy rated homes located in Perth, 
WA and is used as a living lab for research and information purposes. Its sustainable 
features include passive solar design, low-e glazing, LED lighting, reversible ceiling 
fans, 3kW photovoltaic system, vegetable garden, rainwater harvesting, battery 
storage, water efficient appliances and fixtures, direct diversion greywater system, 
state of the art centrally controlled irrigation system monitoring soil moisture and 
weather to maximize water efficiency (Josh Byrne & Associates 2017b). Josh’s house 
has shown that by simply incorporating effective greywater reuse and rainwater 
harvesting a household mains water use could reduce by around 40% (Byrne, Dallas, 
and Newman 2014). 
2.4.1.3 AquaRevo Homes (South East of Melbourne), Australia 
The aim of the development is to becomes Australia’s most water efficient urban 
housing development, with a target of reducing drinking water use by up to 70% 
(Littlefair 2017). The development uses treated rainwater harvested from the roof for 
hot water supply to the bathtubs and showers (Littlefair 2017). The development also 
consist of a pressure sewer system that pumps wastewater to a water recycling 
plant (Organic Food Chain Reactor) within the estate and treats the water to Class A 
standard. The water is then sent back to each home for use in the garden, toilet or 
washing machine (Littlefair 2017). 
2.4.1.4 The Commons in Melbourne, Australia 
As part of the Nightingale project, The Commons is located in Brunswick, Melbourne. 
It is a five-storey building with 24 units completed in 2013 (Josh Byrne & Associates 
2017a). Its sustainable features include room for 70 bicycles, shared laundry, roof 
garden, solar roof pergolas, building average 7.5-star energy rating, solar modules on 
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the roof, hydronic heating, double-glazed windows with thermal breaks, ultra-efficient 
lighting  and good passive design (Ward 2015; Josh Byrne & Associates 2017a). 
2.4.1.5 Baugruppen at White Gum Valley (WGV) in Perth, Australia 
It is a project under development in Perth, WA. Baugruppen (building groups) is a 
German term used to describe a process where people join together to be their own 
developer being a “zero profit” housing model (Baugruppen 2017). Its sustainable 
features include climate responsive design, innovative construction materials, shared 
battery storage and solar PV, water efficient appliances and fixtures, garden irrigation 
water from WGV community bore and charging stations for electric cars, bicycles, and 
scooters (Baugruppen 2017). 
2.4.1.6 DecoHouse Project in Denmark, Australia 
It is a cohousing community group which built their homes as collaborative 
owner/builders (D. Clarke 2015). The Group has formed its own company and built 12 
8-9 star duplex units plus the addition of a shared house with a large kitchen/dining 
area, theatre and spare room (D. Clarke 2015). Other than high-quality design the 
project includes sustainable features such as photovoltaic energy, water sensitive 
urban design, underground power and ornamental and productive gardens (D. Clarke 
2015). 
2.4.1.7 Gen Y House in Perth, Australia 
The Gen Y house consists of three compact one bedroom, one bathroom units with 
shared outdoor living space and vegetable garden (Landcorp 2017). The use of 
sustainable materials and products helped the project to achieve high levels of energy 
and water efficiency, reducing carbon emissions and ongoing running costs (Landcorp 
2017). Some of the sustainable technologies applied to this project are a 9kW Photo 
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Voltaic system with battery storage and a 10,000L underground rainwater tank 
(Landcorp 2017). 
2.4.1.8 5 x 4 Hayes Lane in Melbourne, Australia 
It consists of a three-story building on a 20m2 lot. Although its square meterage is tiny 
the house is able to accommodate a rooftop deck, garden, hot tub, one bedroom, one 
bathroom, a living room, study area and reading area (Aliento 2015). Some of the 
sustainable technologies included in this project are: heat recovery ventilation system, 
geothermal heating and cooling system, 4kW solar photovoltaic system -which 
incorporates 15 Yingli Solar 270W panels integrated into the building’s façade and 
roofline over three different angles including six installed vertically on the northern 
façade-, Enphase microinverters with real-time visualization software, LED lighting 
and six-star rated appliances (Aliento 2015). The building, which after all, cost less 
than an average one bedroom in the same suburb, was designed using One Planet 
Living Principles, and constructed from prefabricated engineered timber panels and 
framing (Aliento 2015). 
2.4.1.9 Arnimplatz Apartments in Berlin, Germany 
Consists of 41 apartments building in Berlin. Its sustainable features include 
Passivhaus design, solar PV on the roof, CHP (combined heat and power) and 
greywater recycling with heat recovery system (Nolde & Partner 2012). With an input 
of 1.4 kWh of electrical energy, the system can generate up to 15 kWh of thermal 
energy and still produce 1,000 litres of high-quality water from 1,000 litres of 
wastewater (Nolde 2013). The recycled water can be reused for toilet flushing, garden 
irrigation and, in some cases, in the laundry as well (Nolde 2013). 
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2.4.1.10 Smart Green Tower in Freiburg, Germany 
It is a 51-metre high commercial and residential building under development in 
Germany (Wolfgang 2017). The Smart Green Tower is intended to not only supply its 
energy needs but also to act as the nucleus for an entire district that will emerge by 
integrating new and existing buildings with their regenerative generators. Its 
sustainable features consist of highly efficient photovoltaic façade, 1MW of battery 
storage, Siemens Desigo CC as an energy management control, monitor and 
optimiser and aquaponics (Frey Gruppe 2017). 
2.4.1.11 Honda Demonstration Home in California, United States 
It is a demonstration home in California for research and information purposes only. 
Its sustainable features include geothermal radiant heating and cooling, adaptive 
circadian lighting, home energy management system (HEMs), passive solar design, 
sustainable construction materials, river rock swale to retain runoff water, lithium-ion 
battery storage, and a recharging station for an electric car (Koenig 2017). 
2.4.1.12 Shanghai Eco-House in Shanghai, China 
It is a 3-star China Green Building and was built for the 2010 EXPO Urban Best 
Practice Area. Some of the sustainable features incorporated in this project are climate 
adapting energy-saving building envelope, lighting chase blinds on the building 
skylight, amorphous silicon thin-film BIPV system, sustainable and recycled 
construction materials, greywater recycling, rainwater harvesting (GIGA 2017). 
 
2.5 SUSTAINABLE TECHNOLOGIES THEORETICAL FRAMEWORK 
2.5.1 INNOVATION DIFFUSION & ADOPTION 
Diffusion is a type of communication and the process by which an innovation is 
communicated through specific channels over time among the members of a social 
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system (Rogers 1983). According to Rogers (2002), preventive innovations are new 
ideas that require action at one point in time to avoid unwanted future consequences 
and, therefore, have low adoption due to its delayed rewards. From a financial point 
of view, it is logical to look at sustainability technologies in the housing industry as 
preventive innovations since they are necessary to improve a household's health, 
comfort, and energy and water efficiency over time but usually can have a high upfront 
cost and consequently, at least 6 years for payback. It is well known that prevention is 
cheaper than treatment. As for the housing industry, the incorporation of sustainability 
features and technologies is much less costly if done from design through construction 
rather than via retrofitting (Glen Eira City Council 2015). Looking at Rogers's (2002) 
innovation diffusion theory, the author describes an innovation-decision process as 
the process in which an individual goes through knowledge to persuasion, decision, 
implementation and confirmation. In this process the individual deals with the 
uncertainty that is inherently involved in opting for a new alternative to those previously 
in existence and, like any other process, it occurs over time and consists of a series 
of actions (Rogers 1983). The author has also identified five characteristics that 
determine an innovation’s rate of adoption, 1-relative advantage, 2-compatibility, 3-
complexity, 4-trialability, and 5-observability. However, the relative advantage 
characteristic has been identified as the most important predictor of an innovation 
adoption rate (Rogers 1983). Figure 13 represents a combination of two of Rogers’s 
curves –bell-shaped curve and take-off curve- (Rogers 1983). Not all individuals are 
ready for a change at the same time, therefore the creation of categories to divide 
these individuals based on their adoption willingness throughout time (Rogers 1983). 
These categories are as follow: Innovators - are eager to try new ideas and have the 
financial resources for it; early adopters - are responsible for decreasing uncertainty 
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about a new idea by adopting it; the early majority adopt new ideas just before the 
average member of a social system, while the late majority (sceptical) adopts it just 
after due to both an economic necessity and the answer to increasing network 
pressures; laggards (traditional) - are the last ones to adopt new ideas and lag 
awareness-knowledge of an innovation (Rogers 1983).  Following up the bell-shaped 
curve, Rogers's take-off curve occurs when an innovation is accepted and adopted by 
an average of 10 to 20 percent of individuals -reaching its tipping point- and therefore 
its adoption rate starts to increase at a faster pace (Rogers 1983). 
 
An example of Rogers’s take-off curve in the adoption of a sustainability technology 
can be seen in Figure 14. The graph in Figure 14 represents solar PV installations in 
Australia from 2001 to 2017. With the PV technology reaching its tipping point and 
starting to become broadly adopted at a faster pace from 2010 onwards. 
According to Grothmann and Patt (2005) only communicating risks might bring people 
to act in denial. However, in addition to the risks, people need to get information on 
possible, efficient and not too costly adaptation options. 
Figure 13. Rogers's bell-shaped and take-off curve illustration. 
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2.5.1.1 DRIVERS & BARRIERS 
A socio-technical transition process is impacted by a dynamic interaction and co-
evolution of factors. These factors interfere with the process and cause innovation to 
be either discarded and forgotten or adopted and accepted. Geels (2002) developed 
a hierarchical model (multi-level perspective model) in which a transitional technology 
breakthrough is context-dependent. Shove and Walker (2010) criticises Geels’ 
hierarchical model. In 2011, in response to Shove and Walker’s criticism, Geels 
agreed that the hierarchy notion in the multi-level perspective should be dropped. 
Further,  sociotechnical transitions to sustainability theories should be multi-
dimensional, since it is unlikely that only one kind of causal factor or mechanism can 
explain entire transition processes. 
In 2010, the Australian Bureau of Statistics (ABS 2010) reported the main reasons for 
adoption of rainwater tanks and its proportion of answers (Figure 15).  
Roger’s	take-off	curve 
Figure 14. PV installations in Australia since 2001. Adapted from Australian PV Institute 2017. 
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Figure 15. Main reasons for adoption of rainwater tanks and its proportion of answers. Adapted from 
(ABS 2010) 
 
In 2010 there were still rebates available towards rainwater tanks. However, as shown 
in Figure 15, it was not the main reason why people acquired this technology, leading 
to the same conclusion from (Geels 2002). There is no straightforward answer to 
sociotechnical transitions to sustainability (e.g. more rebates available), and many 
other factors interact and co-evolve in a dynamic system (Shove and Walker 2010). 
Therefore, as people may react differently when facing the same situation, it is 
important to assess all the elements that led to slow diffusion and adoption of 
sustainability technologies.  
The ability to reduce resource consumption in a household depends on design and 
construction quality. It also depends on sustainability technologies and the occupant’s 
knowledge and understanding of these (design and technology), which may affect 
their everyday practices (Eon, Morrison, and Byrne 2018; Eon et al. 2018). House 
design and construction quality need to be improved. However, the householders’ 
knowledge and understanding about sustainability technologies, features and 
practices are also important (Figure 16) (Eon, Morrison, and Byrne 2018; Shove and 
Walker 2010, 2014). When choosing whether to adopt new technology, the lack of 
knowledge and familiarity with the technology impacts negatively on the innovation-
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decision process an individual goes through, resulting in underutilisation of these 
technologies (Rogers 2002; Crabtree and Hes 2009). Further, households that adopt 
sustainability technologies and features do not always use them efficiently. Eon et al. 
(2017) found a significant variation in energy use between houses with the same 
NatHERS ratings. High NatHERS star-rated houses may perform poorly due to its 
occupants’ lack of understanding about their home features and technologies.  
A framework, in Figure 16, was developed based on knowledge as the foundation of 
a decision-making process. The decision-making process may impact the rate of 
adoption of new technology and the change of behaviour and everyday practices. 
However, knowledge, adoption rate and change of everyday practices are also 
dependent on other external factors. External factors such as knowledge information 
sources; cost, feasibility and availability of new technology; and motive, culture, 
lifestyle and routine, impact the decision-making process (Mazzo and Anda 2018; 
Anda et al. 2013). 
 
Figure 16. Decision-making model proposed for this study. 
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2.5.1.2 INFORMATION SOURCES 
Plenty of information on sustainable housing can be found in newsletters, blogs, 
books, articles and information websites, e.g. Your Home Technical Manual. However, 
to a layperson, it may cause information overload and be time demanding to research 
and read. The vast range of environmental, economic and socially sustainable options 
available may also cause confusion and slow the adoption of features and 
technologies by property developers, architects and occupiers. According to Crabtree 
and Hes (2009), interviews with architects, builders and state and private developers 
highlighted the need for information dissemination on the sustainability of each feature 
and costs involved. Again, in 2016, Wong et al. emphasised that there is no effective 
information distributor among stakeholders, especially developers, investors and 
homeowners. Wong et al. (2016) highlighted the need for an information distribution 
method to guide stakeholders through their decision-making processes. 
 
2.6 SOCIAL RESEARCH 
Social research can provide a researcher with some sense of direction as they move 
towards understanding and expounding their research process in the forms that suit 
their particular research purposes (Crotty 1998). Social research may be divided into 
objectivist research associated with quantitative methods and constructionist, or 
subjectivist research associated with qualitative methods (Crotty 1998). However, it 
has been found that whatever research is being conducted it may be possible that 
both methods –qualitative and quantitative- may add valuable and meaningful 
information to the theory developed (Crotty 1998).  
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2.6.1 DATA ANALISYS 
2.6.1.1 THEMATIC ANALYSIS 
There are various methods of analysing qualitative data. One method, well known for 
its flexibility, is Thematic Analysis (V. Clarke and Braun 2017). Thematic analysis is a 
method for identifying, analysing, and interpreting patterns of meaning (‘themes’) 
within qualitative data (V. Clarke and Braun 2017). This method enables researchers 
to use a systematic process to decode, analyse and interpret a wide variety of types 
of information (Boyatzis 1998). 
2.6.1.2 TECHNOLOGY ACCEPTANCE MODEL (TAM) 
Technology Acceptance Model (TAM) simulates how users are to accept and use a 
technology. It is used to predict user perceived usefulness, perceived easy to use and 
behavioural intention to use (Davis, Bagozzi, and Warshaw 1989). Wixom and Todd, 
(2005) argued that user satisfaction should also be introduced to the model. User 
satisfaction may add to the prediction model by augmenting predictive value of user 
perceived usefulness and perceived easy to use (Wixom and Todd 2005). Other 
approaches and extensions of the TAM involves introducing additional or alternative 
belief factors to the model (Wixom and Todd 2005). Lee et al., (2011) proposed an 
extension of the TAM by combining it with the Innovation Diffusion Theory (IDT). The 
study showed significant effect of the integrative approach on perceived easy to use 
and perceived usefulness. Figure 17 represents a combination of all three approaches 
into one. This model will be used in this research to investigate effectiveness of a 
website to inform the public about sustainable housing technologies. 
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Figure 17. Integration of external factors to the Technology Acceptance Model (TAM) (by author). 
 
2.7 TECHNOLOGY & COMMUNICATION 
Online platforms allow anyone that has an internet connection, and this could be via 
mobile phones or broadband, to access massive amounts of information, 
entertainment, electronic commerce, communication, social media and education. In 
2014-15 86% of all households had internet access and by the end of 2016, there 
were approximately 25 million mobile phone subscribers in Australia (ABS 2016, 
2017). Thus, the internet is considered the most straightforward and fastest way of 
communication. That said, given the continued growth of the digital world, it is 
essential to track and understand how users are interacting with a web page to 
measure its performance (Järvinen and Karjaluoto 2015).  
 
2.8 CONCLUSION 
Three theories were used to develop the structure on which this thesis hypothesis was 
founded: 
§ Multi-level perspective (MLP) on transition theory (Geels 2002, 2010, 2011); 
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§ Innovation-decision process theory including the five characteristics that 
determine an innovation-adoption rate, take-off curve and adopter 
categorisation curve (Rogers 1983, 2002) and; 
§ A multi-relation way of thinking (Shove and Walker 2010, 2014). 
Together the three theories agree that knowledge is the foundation to start a change 
as illustrated in the model developed as Figure 16. However, there is no 
straightforward answer to socio-technical transitions, and many factors interact and 
co-evolve in a dynamic system (Shove and Walker 2010). 
Figure 18 is an adaptation of Geels' (2011) MLP diagram together with Rogers' (1983) 
innovation-decision process theory including the five characteristics that determine an 
innovation-adoption rate, take-off curve and adopter categorisation curve. 
The learning process identified by Geels, (2011) in the niche level is essential to an 
innovation-decision process. It provides the seeds to a change. During the innovation-
decision process, an individual acquires knowledge and is persuaded to a new 
technology via testing (trialability), observation (observability), understanding 
(complexity), acceptance (compatibility) and, therefore, sees it as advantageous 
(relative advantage). Then, the individual decides rather or not to implement it 
Figure 18. Transition process proposed for this study.  
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(decision). Confirmation occurs when an implementation is successful and provides 
the user with a satisfactory outcome, i.e. some form of advantage. As more individuals 
implement a technology and approve it, its confirmation impacts positively on the 
learning process for others. Once a technology is adopted and accepted by an 
average of 10 to 20% of individuals, it reaches its tipping point. Increasing adoption 
rates can generate what is known as Rogers’s take-off curve (Rogers 1983). 
Once a technology enters the mainstream, its consistent adoption may put pressure 
on policymakers, markets and utilities creating new trends towards a transition to 
deeper, longer-term changes (Mazzo and Anda 2018; Geels 2011). For example, the 
rapid uptake of rooftop photovoltaics (PV) in cities such as Perth, Western Australia, 
has had a significant influence on Governments to develop energy transition policy. 
The arrows in the model, shown in Figure 18, illustrates the dynamic interactions and 
co-evolution of factors impacting a socio-technical transition process. Various factors, 
such as institutional, societal and financial, can interfere with the process and cause 
a technology to be discarded and forgotten or adopted and accepted. If the latter 
occurs, transitions to longer-term changes in user practice, regulation, culture and 
infrastructure can occur. Therefore, suggesting that the decision-making process is 
the core process for a socio-technical transition. 
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3 CHAPTER	3:	METHODOLOGY	
3.1 INTRODUCTION 
3.1.1 RESEARCH FOCUS 
Crabtree and Hes (2009) refer to the low uptake of sustainability in the housing 
industry not as a technological issue but as an institutional, financial or societal one. 
The research conducted by Crabtree and Hes (2009) identified homeowners as one 
of the main key drivers and main key perceived barriers to housing sustainability 
uptake. Therefore, considering homeowners and home builders as an important target 
towards increasing the adoption of sustainable technologies in the housing industry 
these are set as the primary targets of this research. 
The NCC categorises buildings in classes from 1 to 10 in relation to its function and 
use (ABCB 2017b). There are a total of almost 7 million class 1a and 1.5 million class 
2 dwellings built until 2016 and around 15,000 new class 1a and 2 dwellings receiving 
building approval across Australia every month (Housing Industry Association 2017; 
.id 2017). 
Class 1: One or more buildings which in association constitute- 
Class 1a: A single dwelling being a detached house, or one or more attached 
dwellings, each being a building, separated by a fire-resisting wall, including 
a row house, terrace house, townhouse or villa unit (ABCB 2016b). 
Class 1b: boarding house, guest house, hostel, therefore, buildings used for 
short-term holiday accommodation including also cabins in caravan parks, 
tourist parks, farm stay, holiday resorts and similar tourist accommodation. It 
is typically rented out on a commercial basis for short periods, generally, does 
not require the signing of a lease agreement and may not have more than 12 
persons residing in it. 
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Class 2: A Class 2 building is one which includes more than one dwelling, each of 
which is generally solely occupied by one or more people to the exclusion of 
others.  
Also, any sized building can be classified as Class 1 or Class 2 if it is used to 
house any number of unrelated people who jointly own or rent it, or share it on 
a non-rental basis with an owner or tenant (ABCB 2016a). 
Class 1b buildings are not included in the focus of this research since these type of 
buildings are typically rented out on a commercial basis and for a larger number of 
people. Although its sustainable technologies may still be the same, different 
regulations and use requirements are applied.  
 
3.1.2 ONLINE SURVEY 
It is found to be ideal to add qualitative data through open questions on the 
questionnaires since these may act as a ‘safety net' helping identify further issues 
and/or complement responses to closed questions (O’Cathain and Thomas 2004). 
Collecting the desired information from all members of a target population (i.e. census) 
can be close to impossible unless looking at a small population (Draugalis and Plaza 
2009).  
Online survey services such as Survey Monkey provide convenience in having 
automated data collection, therefore, reducing researcher time and effort (Wright 
2005). Some advantages of using the internet as a central tool are the possibility to 
overcome geographical limitations cost-effectively and within a short timeframe 
(Wright 2005). The internet also has the ability to provide access to groups and 
individuals who share specific interests, issues and activities (Wright 2005). However, 
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with new technologies emerging, ethics committees are faced with new issues and 
challenge more often (Buchanan and Hvizdak 2009).  
 
3.2 METHODOLOGY FRAMEWORK 
This research involved both social and technology research knowledge and skills as 
per framework illustrated below. 
 
Figure 19. Research methodology framework 
 
3.3 STUDY 1:  PRELIMINARY ONLINE SURVEY 
The main goal of this study is to ascertain the current reason of low adoption of 
sustainable technologies in the housing industry (research gap) and assess 
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homeowners and home builders' sustainability knowledge and opinion on how this gap 
could be overcome. Data collected via this study is to be used to shape the online 
platform. 
3.3.1 SAMPLE SIZE 
This research targets Australian homeowners and home builders of class 1a and class 
2 buildings, which is a population of around 7 million people (assuming one person 
responsible for each dwelling). 
3.3.2 QUESTIONNAIRE 
A survey questionnaire was created and subdivided into six parts/categories with 
questions designed accordingly to fulfil the study’s objectives. Table 2 contains a 
summary of the questionnaire used in this study. It contains survey parts, content and 
question type. Question type varies from open, choice, rank, yes/no and Likert scale 
(i.e. rating scale). Therefore, the research uses a mix-method approach with both 
qualitative and quantitative data collected. 
Table 2. Survey Questions Summary – Parts, Contents and Questions Type. 
Parts Contents Question Type 
Surveyor 
categorizatio
n 
Q1. In what postcode are you located? Open 
Q2. Which of the following categories best describes you? Choice (up to 2) 
Opinions on 
sustainable 
housing and 
interests 
Q3. What sparks your interest in sustainable housing? Rank (1st, 2nd) 
Q4. In a household, which of the following factors is most 
important to you? 
Choice (up to 6) 
Q5. Which of the following technologies are you most interest in 
learning more about?  
Choice (up to 
10) 
Q6. Which kind of information most interests you? Choice (up to 4) 
Current 
information 
sources 
Q7. Which internet websites do you find most helpful when 
looking for sustainable technologies advice?     
Choice (up to 4) 
Q8. Which information dissemination method you find most 
effective? 
Choice (up to 3) 
Q9. Based on your personal experience, were you able to find the 
information you were looking for on a certain sustainable 
technology in an effective timely manner? 
Yes/No 
Q10. How easy or difficult is to find economic information on 
sustainable technologies? 
Likert scale 
Q11. When looking at sustainable technologies, how likely are 
you to use internet research as your primary source of 
information? 
Likert scale 
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Q12. Do you think there is a need for a new tool to help guide 
consumer choice of sustainable technology? 
Yes/No 
Sustainable 
Technologie
s Barriers 
Q13. What do you perceive as the main barriers against 
sustainable technologies in the housing industry? 
Rank (1st, 2nd) 
Target 
Questions 
Q14. Was your builder helpful when the subject was 
sustainability? (only if homebuilder or homeowner was selected 
on question 2) 
Yes/No 
Q15. Was your architect helpful when the subject is 
sustainability? (only if homebuilder or homeowner was selected 
on question 2) 
Yes/No 
Q16. Was your developer helpful when the subject was 
sustainability? (only if homebuilder or homeowner was selected 
on question 2) 
Yes/No 
Q17. Do your clients generally inquire about sustainable 
technologies, materials and/or design? (only if builder, developer 
or architect is selected) 
Q18. What sort of questions do your clients generally ask? (only 
if builder, developer or architect is selected) 
Yes/No 
 
 
Choice (up to 1) 
General Q19. We would love to hear your feedback. Please leave any 
comments or suggestions below. 
Comments 
 
As per Table 2, the Surveyor categorisation part aims to locate and classify the 
respondents as either homeowner (building or planning on building a home), builder, 
developer or architect. Opinions on sustainable housing and interests part aim to 
understand respondents’ knowledge and learn their opinions and interests in 
sustainable housing. The options included for each question were developed to cover 
most of the possible options available. Since there is a vast pool of options, open 
answers were allowable for each question to allow the respondent to add what they 
believed was required. Current information sources part aim to assess respondents’ 
current sources of information and gather their opinion on the need for a new tool to 
help guide consumer choice on sustainability technologies. Sustainable Technologies 
Barriers part aims to ascertain what the public perceives as the main barriers to 
sustainable technologies in the housing industry. Target Questions part aims to gather 
respondent’s opinions about architects, builders and developers’ knowledge and 
helpfulness on sustainability technologies. Questions in this part also try to learn if 
consumers enquire about sustainability, and which topics were most commonly 
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queried. The General section of the survey allows respondents to add any further 
comments and feedback. 
3.3.3 DATA COLLECTION 
Online survey services allow to overcome geographical limitations cost-effectively and 
within a short timeframe while providing automated data collection (Wright 2005). This 
study used Survey Monkey online survey service (Survey Monkey 2018) to create the 
questionnaire. All relevant questions provided the respondent with the ability to 
complement their response. Adding qualitative data via open questions on 
questionnaires may act as a ‘safety net' helping identify further issues to closed 
questions (O’Cathain and Thomas 2004). In 2014-15 86% of all households had 
internet access, and by the end of 2016, there were approximately 25 million mobile 
phone subscribers in Australia (ABS 2016, 2017). Thus, the internet is considered the 
most straightforward and fastest way of communication. 
Survey promotion was done via online forums, university’s faculty email list, social 
media, via a survey sharing website (Survey Circle 2018) and via flyer distribution on 
an event held by Smart Plus Homes - Homes of the Future NOW on May 9th 2018. 
The described research method was submitted and approved by the Murdoch 
University Human Research Ethics Committee (#2017/247). 
3.3.4 DATA ANALYSIS 
One of the advantages of using an online survey service is that it provides statistical 
analysis of data once the survey is completed, saving time and facilitating the study. 
Data analysis for qualitative data will follow a thematic analysis (TA) method. 
Therefore, the subsequent steps to data collection were: 
1. Familiarisation with the data 
• Read and become familiar with its content. 
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2. Coding and Searching for themes 
• Identifying important features of the data and separating them by 
themes/patterns. 
3. Reviewing themes and Defining and naming themes 
• Reviewing and refining themes and possibly splitting, combining or 
discarding some. 
4. Producing the report 
• Contextualise the data analysed with the existing literature.  
Therefore, the TA method was used to identify, analyse and interpret patterned 
meanings or “themes” in qualitative data. 
3.4 ONLINE PLATFORM DEVELOPMENT 
Study 1 results were used to shape the online platform (website). The technologies 
included in the website and the information delivery format were based from 
respondents’ answers to study 1, preliminary survey. 
An Information Technology (IT) student was engaged to write the website’s coding 
while the researcher was responsible for the website design, content development, 
data gathering and database development. 
As for the animated videos the researcher was responsible for writing the scripts, 
providing examples of video style and choosing a voice-over. Video animator and 
voice-over professional were engaged. 
3.4.1 WEB DESIGN 
The website was designed using the software Balsamiq Mockups 3 (Balsamiq 2019). 
The mockup along with all the html content of the website was provided to the IT 
student. The mockup included, font types, colour schemes and all images. This 
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development phase was time-demanding and also involved basic online research on 
most popular website styles, colour schemes and fonts combinations. 
3.4.2 DATABASE DEVELOPMENT & CALCULATORS 
The database and calculators were firstly developed on Microsoft Excel. Then each 
table was imported to a database on MySQL software via MySQL Workbench 
software. The researcher provided the IT student with the database tables, the 
calculators in excel format and detailed notes of all calculations to assist with 
programming development. The IT student used PHP coding language for the 
programming. 
This section provides an illustration and explanation of the development of the 
rainwater harvesting calculator. The rainwater harvesting calculator is provided as an 
example since it was the most laborious one to develop. When recorded, daily rainfall 
is used to calculate the optimal size of a rainwater tank instead of annual data, it 
reveals more realistic scenarios rather than hypothetical average ones (Imteaz et al. 
2011). Unfortunately, it is not possible to use daily rainfall data for all geographical 
locations of Australia at this point due to a significant amount of data and programming 
required. Therefore, to get closer to a realistic scenario, the calculator uses mean 
monthly rainfall data. That way it will be possible to account for wet and dry seasons 
and different water demand for garden watering. 
The calculator uses mean monthly rainfall data retrieved from the Bureau of 
Meteorology (2019) (BOM) website and stored in its database. It uses the data 
available on the website for all currently open meteorology stations across Australia.  
To efficiently collect the data required (i.e. mean monthly rainfall for each and all open 
meteorology stations across Australia) from the BOM website, an automator software 
was used. A list containing all the stations’ numbers, names, its latitude, longitude, 
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State and rainfall districts was downloaded from the BOM website. From there a macro 
was created on the software Keyboard Maestro (Keyboard Maestro 2019) (Figure 20 
and Figure 21). Basically, when the macro is activated on the software, it automatically 
copies the station number from the excel spreadsheet, paste it on the station number 
box on the website mentioned previously, clicks on “get data”, then it selects the mean 
data for the specific station, copies it and paste it into the excel spreadsheet. Then 
moving to the next station number cell on excel and doing the process repeatedly. 
 
Figure 20. Macro created on Keyboard Maestro to efficiently collect mean rainfall data from BOM 
for each and all stations across Australia (Screenshot 1) 
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Figure 21. Screenshot 2 of macro developed. 
 
The JavaScript code was the most complicated part and the researcher was able to 
develop it with assistance of other Keyboard Maestro users from the software’ website 
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forum. The macro ran for approximately two days to collect all the data. Once finished 
and all the data was collected, the data was transferred to a SQL database. 
Figure 22 represents the relationship between all the tables created for the rainwater 
calculator. The relationship diagram was created using MySQL Workbench software. 
 
Figure 23 represents each table that forms part of the main table. Choice of rainwater 
tank sizes, material and shape, were chosen based on currently most sold in Australia 
(Figure 23). The prices were selected based on the average of full prices found online 
in different states. Prices may vary depending on sales or packages and are referent 
to only the tank, therefore not including labour or other necessary parts. 
  
Figure 22. Entity-relationship diagram (ERD) for rainwater tank calculator. 
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Figure 24 showcases the monthly water usage per person which was calculated per 
water use outlet/appliance (i.e. shower, kitchen sink, dishwasher, toilet, taps and 
washing machine) for three different usage levels (low = 0-150kL/year, moderate = 
151-500kL/year and high = >500kL/year). The values under the kL_pp_month are to 
be timed by the number of occupants in a household, with an exception for the values 
for washing machine and dishwasher which are independent of the number of 
occupants. 
Figure 23. Main table (tbl_monthly_water_usage_pp associated with water uses table and 
water usage level table providing specific average monthly water use per person in kL for each 
scenario. 
Figure 24. Main table (tbl_tank) associated with rainwater tank size, material and shape tables 
providing its specific average cost. 
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The pre-set values showcased on Figure 24 were calculated based on the data 
collected from the Water Rating website (Commonwealth of Australia 2019) and 
summarized on Table 3.  
 
Therefore, for example, on the month of January (31 days) one person living in a 
household which is considered a moderate user of water will use on average: 
- For shower: 9 litres per minute with an average shower time of 8 minutes and 
1 shower per day, therefore = 9 ´ 8 ´ 1 ´ 31 = 2,232 litres/month ÷ 1,000 = 
2.232 kL/month 
- For kitchen sink: 6 litres per minute with an average use time of 2 minutes per 
day, therefore = 6 ´ 2 ´ 1 ´ 31 = 372 litres/month ÷ 1,000 = 0.372 kL/month 
- For dishwasher: 13 litres per use being used once a day, therefore = 13 ´ 1 ´ 
31 = 403 litres/month ÷ 1,000 = 0.403 kL/month 
- For toilet: 4 litres per flush with an average of 3 flushes per day, therefore = 4 
´ 3 ´ 31 = 372 litres/month ÷ 1,000 = 0.372 kL/month 
- For taps: 6 litres per minute with an average use time of 3 minutes per day, 
therefore = 6 ´ 3 ´ 31 = 558 litres/month ÷ 1,000 = 0.558 kL/month 
- For washing machine: 90 litres per use being used 5 times a week, therefore = 
90 ´ ((31 ÷ 7) ´ 5) = 1,992.86 litres/month ÷ 1,000 = 1.993 kL/month 
 
Table 3. Assumptions used to calculate monthly average water usage per person based on data 
from the website http://www.waterrating.gov.au/choose/compare. 
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A different table was created for garden/plant watering since it is dependent on the 
type of garden/plant, watering type, wet season (Northern – from October to April and 
Southern – from April to November) and garden/foliage size (m2). The pre-set values 
showcased in Figure 25 are to be timed by the size of the user’s garden (m2) and were 
calculated based on: 
- The standard watering depth of 10mm (10 litres/m2), since independent of soil 
type, irrigation of 10mm will be trapped in the root zone of garden plants and it 
is unlikely to run-off (University of Melbourne 2018). 
- During dry season lawn and waterwise garden are watered three times a week. 
However, for a waterwise garden, only 6mm is used instead of 10mm 
(Queensland Water Commission 2010). Plants in pots are watered every day 
using an average of 4 litres/m2 of foliage. 
- During wet season lawn and waterwise garden are watered once a week during 
October, November and April for Northern region and April, September, 
October and November for the Southern region (Living Water Smart 2018). 
Watering remains equal to 6mm for waterwise garden and 10mm for a lawn. 
Watering is equal to zero for remaining wet season months. 
- Subsurface watering is equal to 0.75 ´ (“sprinkle value”), that is, it uses 25% 
less water (Sturman, Ho, and Mathew 2004). 
Figure 25. Main table (tbl_garden_watering) associated with plant table, watering type table and 
wet season table providing specific average monthly values for each scenario to be timed by 
the user's garden size (m2). 
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Therefore, for example, a household located in the Southern wet season area with a 
lawn of 20m2 using sprinkles to irrigate it will use an average amount of water of: 
January = 0.01kL/m2 ´ (3 ´ (31 ÷ 7)) = 0.1329 ´ 20m2 = 2.66 kL 
February = 0.01kL/m2 ´ (3 ´ (28 ÷ 7)) = 0.12 ´ 20m2 = 2.4 kL 
March = 0.01kL/m2 ´ (3 ´ (31 ÷ 7)) = 0.1329 ´ 20m2 = 2.66 kL 
April = 0.01kL/m2 ´ (1 ´ (30 ÷ 7)) = 0.0429 ´ 20m2 = 0.86 kL 
May = 0 kL 
June = 0 kL 
July = 0 kL 
August = 0 kL 
September = 0.01kL/m2 ´ (1 ´ (30 ÷ 7)) = 0.0429 ´ 20m2 = 0.86 kL 
October = 0.01kL/m2 ´ (1 ´ (31 ÷ 7)) = 0.0443 ´ 20m2 = 0.89 kL 
November = 0.01kL/m2 ´ (1 ´ (30 ÷ 7)) = 0.0429 ´ 20m2 = 0.86 kL 
December = 0.01kL/m2 ´ (3 ´ (31 ÷ 7)) = 0.1329 ´ 20m2 = 2.66 kL 
Annual » 14kL 
Figure 26 showcases the water cost per kL for each specific State and usage level. 
With this, it is possible to consider the user’s inputs to calculate the savings more 
accurately. 
The calculator will be able to provide cost, saving and payback time for different 
rainwater tank sizes, shapes and materials. However, it is up to the user to determine 
which may be the best choice for its needs. 
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The final calculations used were: 
To get amount of harvested water in kL = 
(monthly rainfall in mm ´ roof area in m2 
(input by user) ´ 0.85 (run-off value)) ÷ 
1,000  
This equation is followed by an “IF” 
statement in which if the result is £ than 
the size of the tank selected by the user 
then the amount of water harvested stays 
as per calculation. If the result is ³ than 
the size of the tank then the amount of 
water harvested is equal to the size of the 
tank. 
Leftover rainwater from the previous month is calculated by IF (water required is < 
than harvested) then leftover rainwater equals water harvested minus required. ELSE, 
it equals zero. Leftover rainwater is then added to the following month’s harvested 
water if the total value is £ than the rainwater tank size. 
Required rainwater can be selected by the user as: 
1. Whole house with or without a garden 
2. Garden only 
3. Laundry, toilet and garden or 
4. Laundry and toilet 
All other calculators were developed using the same method as described above. The 
researcher trusts that all guidance of how the calculators were developed were 
explained within this subsection. 
Figure 26. Main table (tbl_water_cost_kL_id) 
associated with State table and water usage 
level table providing specific average cost 
values for each scenario. 
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3.4.3 ANIMATED VIDEOS 
The steps below describe the development of the animated videos by the researcher: 
1 Wrote down the voice-over for each video to have an idea of how many words that 
would be and how many minutes the video was going to last, on average; 
2 Used YouTube to search for a style of video and voice-over; 
3 Developed the videos scripts with illustrations using Microsoft Power-Point 
animation; 
4 Searched for freelancer services on a platform caller Fiverr (Fiverr 2019); 
5 Contacted a few Adobe After Effect freelancers with the style of video/voice 
required, how many words and the average minutes for each video to get quotes; 
6 Provided the colour scheme for the videos; 
7 It took a lot of reviews to get the videos right, so it is important to make clear that 
unlimited revisions are required prior freelancer hire. When choosing a freelancer, 
it is also important to mention that the video is in HD and voice-over is required. 
The software used by the freelancer is Adobe After Effect. And the type of video 
is called 2D animated explainer video; 
 
3.5 STUDY 2: FINAL ONLINE SURVEY 
The main goal of this study is to analyse the online platform impact on users and its’ 
future decision-making process. And from there confirm or deny this thesis hypothesis. 
The new survey is based on the Technology Acceptance Model (TAM), Innovation 
Diffusion Theory (IDT) and system and user satisfaction (Davis, Bagozzi, and 
Warshaw 1989; Lee, Hsieh, and Hsu 2011; Wixom and Todd 2005). Therefore, the 
survey is designed to measure the website and its features’ perceived usefulness, 
perceived easy to use, attitude toward using it and behaviour intention to use the 
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website as a tool to acquire information on sustainable housing. It also measures 
system satisfaction and information satisfaction as an external factor to perceived 
easy to use and perceived usefulness. 
3.5.1 QUESTIONNAIRE 
The participants are asked to browse through the developed website (Sustainable 
Home HQ 2019) and from there access and complete the online survey. Browsing 
through the website may require at least 10 minutes depending on user experience 
(i.e. familiarity with computer use) and internet speed. The survey contains 14 
questions, and respondents are expected to spend around 8 minutes completing it. 
Please see the Table 4 below for a summary. 
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Table 4. Final Survey Questions Summary – Parts, Contents and Questions Type. 
Parts Contents Question Type 
Surveyor 
categorization 
Q1. In what postcode are you located? Open 
Q2. What is your gender? Choice (up to 1) 
Q3. What is the highest degree or level of school you 
have completed? If currently enrolled, the highest 
degree received. 
Choice (up to 1) 
Q4. What is your age? Choice (up to 1) 
Q5. Which of the following categories best describes 
you? Choice (up to 2) 
Perceived 
Usefulness 
Q6. How useful were the following in providing 
information? (1. Animated videos; 2. Calculators; 3. 
Overall website) 
Matrix / Rating 
scale 
(5 weighted 
columns) 
Q7. Do you agree or disagree with the following 
statements regarding the website 
www.sustainablehomehq.com? (1. I learnt 
something new from browsing the website; 2. The 
website provides useful content; 3. The animation 
videos helped me better understand sustainable 
housing) 
Matrix / Rating 
scale (5 weighted 
columns) 
Q8. How useful were the following videos? (1.  
Choose a site; 2. Design; 3. Materials; 4. Behaviour 
Change; 5. Rainwater tanks; 6. Greywater Diversion 
Device (GDD); 7. Rainwater tanks and GDD; 8. 
Batteries; 9. Smart technologies) 
Matrix / Rating 
scale (5 weighted 
columns + NA) 
Q9. How useful were the following calculators? (1.  
Rainwater; 2. Greywater; 3. Rainwater + Greywater; 
4. Batteries) 
Matrix / Rating 
scale (5 weighted 
columns + NA) 
Perceived Easy to 
Use 
Q10. How easy is to: (1.  Understand the animated 
videos? 2. Use the calculators? 3. Navigate through 
the website?) 
Matrix / Rating 
scale (5 weighted 
columns) 
Attitude, 
willingness and 
behavioural 
intention to use 
Q11. Do you agree or disagree with the following 
statements? (1.  I spent more time than I intended 
on the website; 2. I would recommend the website to 
my friends; 3. The website provided guidance 
through building a new home; 4. I intend to visit the 
website again) 
Matrix / Rating 
scale (5 weighted 
columns) 
Q12. Do you agree or disagree with the following 
statements? (1. I intend to use some information 
from the website in my current/new home; 2. I am 
more willing to adopt a sustainability technology, 
feature or behaviour because of the website; 3. I 
believe that the information from the website will 
positively impact my future decision-making towards 
sustainable housing.) 
Matrix / Rating 
scale (5 weighted 
columns) 
Perceived 
satisfaction 
Q13. Do you agree or disagree with the following 
statements? (1. Overall, my interaction with the 
website is very satisfying; 2. All things considered, I 
am very satisfied with the website; 3. I am very 
satisfied with the information I receive from the 
website. 4. Overall, the information I get from the 
website is very satisfying.) 
Matrix / Rating 
scale (5 weighted 
columns) 
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Table 4 survey questions were developed specifically to measure: 
• Perceived usefulness: 
o Of the website tools in providing information; 
o Of the information provided via the website tools; 
• Perceived ease to use: 
o Easy to use the website tools; 
o Easy to understand the information provided via the website; 
• Attitude, willingness and behavioural intention to use: 
o Intention and willingness to use the website as an information source; 
o Intention and willingness to use the website’s information; 
• Perceived satisfaction: 
o User interaction with the website; 
o With the information the website provides. 
 
3.5.2 DATA COLLECTION 
Survey promotion was done via online forums, university’s faculty email list, social 
media, via a survey sharing website (Survey Circle 2018) and via add on Renew 
Magazine website (Renew 2019). 
The described research method was submitted and approved by the Murdoch 
University Human Research Ethics Committee (#2017/247). 
The final survey data collection demonstrated to be challenging since it required the 
respondent to visit and browse through the website prior answering it. 
Feedback Q14. We would love to hear your feedback. Please leave any comments or suggestions below. Comments 
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3.5.3 DATA ANALYSIS 
The online survey service used, Survey Monkey, allows for all survey data to be 
exported in an excel format for further analysis. After exported Microsoft Excel was 
used for analysis. The percentage of respondents to each category, measure and 
rating level was calculated. For example, the percentage of people that found the 
website extremely easy to use was calculated as per below: 
Website extremely easy to use = Q11 (website) number of respondents that selected 
extremely easy to use / total number of respondents that provided a response to this 
question) *100 
 
3.6 RESOURCES 
RESOURCES COST AUD REASON 
WSUD & Hydropolis 2018 Conference $350 Paper presentation 
Website pre-development $200 Basic website (1 page) 
Survey Monkey Advantage Annual 
Plan 50% student discount $174 Online survey platform 
Website Hosting (InMotion) $18.84 Website domain 
IT student fee $700 Final website development 
Animated Videos freelancer $1,834 Animated videos 
Renew Website Ad $385 Attract survey respondents 
Survey Monkey Advantage Annual 
Plan 50% student discount $174 Online survey platform 
TOTAL $3,835.84  
 
3.7 TIMELINE 
Milestone Date Achieved 
Confirmation of Candidature Presentation 20/10/2017 
Research Proposal Submission 20/10/2017 
Literature Review Submission 20/10/2017 
Confirmation of Candidature Presentation 20/10/2017 
WSUD & Hydropolis Conference Paper Presentation 12/02/2018 
Preliminary Online Questionnaire Launch 19/02/2018 
Annual Progress Report 27/02/2018 
Interim progress Report 27/08/2018 
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Website Launch 14/11/2018 
Final online questionnaire launch 14/11/2018 
Submission of 300 word abstract and thesis title 24/01/2019 
Pre-submission thesis presentation 07/10/2019 
Submission of thesis for examination 13/10/2019 
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4 CHAPTER	4:	RESULTS	&	DISCUSSION	
4.1 Preliminary Survey 
This survey was an essential step towards a better understanding of the current 
reason for the low adoption of sustainable technologies in the housing industry 
(research gap). It was also imperative in gathering public opinion on the need for a 
new tool to promote sustainability within the housing industry. And in understanding 
which kind of information people are most interested in learning more about and how 
do they expect or would like to receive that information. 
4.1.1 Surveyor categorisation 
The study received answers from a total of 70 respondents, with the majority being 
residents in Western Australia (70%). The predominance of respondents from WA is 
likely due to being where the survey was promoted the most. The high percentage of 
Western Australian respondents could be viewed positively if the survey was to be 
narrowed down to one State. Alternatively, results could be seen as unfavourable 
when trying to assess opinion on a national level. Therefore, the results cannot be 
considered a country-wide view as most of the respondents live in a certain region of 
Australia. 
84% of the respondents identified themselves as homeowners or planning on building 
a home. Since the focus of this study was on homeowners, it is considered positive to 
have such a high percentage of respondents under this category. 
4.1.2  Opinions on sustainable housing and interests 
The questions “What sparks your interest in sustainable housing?”; “In a household, 
which of the following factors is most important to you?”; and “Which kind of 
information most interests you?” were developed to assess what people perceive as 
most important in relation to the Triple Bottom Line (TBL) framework.  
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Table 5 shows a summary of responses to questions number 3, 4 and 6. For question 
number 3, the numbers listed under Table 5 are equivalent to the number of 
respondents that ranked those options as preferred number 1. Therefore, it equates 
to a total of 70. As for questions number 4 and number 6, the values listed under Table 
5 are equivalent to the number of times a respondent selected each option. Since 
multiple selections were allowed for these questions, the sum is not equal to the total 
number of respondents. 
Table 5. Summary of responses under Triple Bottom Line categories. 
  Economic Environmental Social 
Q3. 
Sparks 
interest 
Reducing running costs 30 - - 
Helping the environment - 24 - 
Social prestige - - 7 
Increase personal comfort - - 5 
Increase property value 4 - - 
Percentage 49% 34% 17% 
Q4. Most 
Important 
Use of renewable energy - 54 - 
Thermal comfort - - 52 
Low electricity bills 49 - - 
Garden / Landscape - 37 - 
Waste Minimisation - 37 - 
Low scheme water consumption - 34 - 
Functionality – smart home - - 32 
Low water bills 27 - - 
Sound proofing - - 21 
Air pollution - 18 - 
Soil and water pollution - 17 - 
Aesthetics - - 15 
Percentage 19% 50% 31% 
Q6. Most 
interesting 
Energy savings in $ 37 -  
Water savings in litres - 36  
Average payback time 35 -  
Energy savings in kWh - 32  
Average cost of each technology 31 -  
Water savings in $ 29 -  
Carbon emissions - 29  
Property value increase on sale price 19 -  
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As shown in Table 5, survey respondents mainly find financial information more 
interesting and motivating. Meanwhile, environmental and social aspects represent a 
higher importance to them. 
Since the overall adoption of sustainability in the housing industry is low, it can be 
concluded that the consumer might be conscious of the environmental importance of 
sustainability. However, the consumer is not currently motivated by the economics of 
sustainability. Therefore, economic factors are the most relevant barriers to 
sustainable housing. These must be addressed to make clear to the consumer what 
are the real costs and benefits of various sustainability features and technologies. It is 
a matter of educating the consumer to understand and see sustainability not as an 
extra cost but as an investment. These results can be linked to this study’s transition 
model showcased in Figure 18 under Literature Review (subsection 2.8). Via the 
learning process, a homeowner may see sustainability as an opportunity rather than 
only a goal (Geels 2011).  Berry and Davidson (2015) study analysis showed that net 
zero energy homes are already technically and economically feasible. Therefore, 
understanding the advantages of a technology, feature or practice, especially financial 
ones, may strongly influence a homeowner’s decision-making. 
The technologies respondents were most interested in learning more about were: 
- batteries with 39 votes; 
- rainwater tanks (37); 
- greywater recycling system (35); 
- energy management systems (33); and 
- solar wall (32). 
Property value increase on rental 6 -  
Percentage 62% 38%  
 80 
These results show a common interest in energy, water and smart technologies by the 
respondents. On the other side, qualitative research showed that some respondents 
were more interested in information related to materials and design rather than 
technologies, especially involving renovations:	
“Nice website, but I have a 1962 weatherboard clad house, have fully insulated, 
have a 20mtr plastic house, 1/4 acre section, and I am always seeking ways to 
improve sustainability. But the most info is related to new housing? Just a 
comment, not a gripe. Just takes me longer to research”. 
“It was interesting that you did not explore what I define as sustainability in a 
housing sense. This alone could vary considerably and mean your questions 
did not explore the full range of perspectives. Example: building materials, 
reducing waste during construction, the colour of the roof or walls, etc.”. 
Due to the volume of comments enquiring about materials and design practices and 
techniques, perhaps the survey description should have been more explicit about 
focusing on add-on technologies rather than the building envelope. 
The information collected in this section of the survey was essential for the 
development of the online platform (Sustainable Home HQ 2019). It helped identify 
what sort of information the platform should provide and which technologies should be 
available. 
4.1.3  Current information sources 
46% of the respondents confirmed they were able to find the information they were 
looking for in an effective, timely manner. However, 61% of the respondents agree 
that there is a need for a new tool to help guide consumer decision-making on 
sustainability technologies. The need for a new tool can be associated with the low 
sustainability adoption rate discussion at the start of the paper. Which is known to 
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happen due to, but not only, confusion caused by a large amount of information, time-
demanding research and untrustworthy sources. 
The information sources found to be most efficient are: 
- online forums and short animated videos with 36 votes each; 
- online information in a graphical format received 33 votes; 
- two respondents mentioned social media under “other” option. 
Therefore, this part of the survey ascertains the need for a new tool which is both 
efficient and effective. It also assesses homeowner opinion on the best way to 
disseminate knowledge.  
4.1.4  Sustainable Technologies Barriers 
Both quantitative (Figure 27) and qualitative results (Table 6) showed a clear 
relationship between cost, savings and technology adoption. This result, together with 
the findings from subsection 4.1.2, indicates that economic factors can be a significant 
barrier or driver of technology. The link between economic benefits and knowledge is 
straightforward. Without knowledge, a technology, to an individual, would be seen as 
an unnecessary extra cost (Geels 2010). Current literature affirms the statement that 
sustainability technologies and features are seen as an additional cost rather than an 
investment (Reardon 2013; Castillo and Chung 2004; Lorenz and Lützkendorf 2011).  
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Figure 27. Factors perceived as main barriers to sustainable housing ranked from one to six, 
generating a score accordingly. 
 
Table 6. Survey’s qualitative results separated in “themes” identified within the respondent’s answers 
for further analysis and interpretation. 
Themes Comments 
Non-
technology 
related 
information 
It was interesting that you did not explore what I define as sustainability 
in a housing sense. This alone could vary considerably and mean your 
questions did not explore the full range of perspectives. Example: 
building materials, reducing waste during construction, colour of roof or 
walls, etc. 
Comments to Q4: Eaves on roof ; Useable living space ; Low use of 
concrete and cement 
Comment to Q5: information about the capacity of various plastics to 
be recycled ; passive solar heating of a house ; Structural Insulated 
Panels 
Great survey. I am particularly interested in being able to calculate 
benefits of high efficiency glazing design. 
Information 
on 
renovation 
Nice website, but I have a 1962 weatherboard clad house, have fully 
insulated, have a 20mtr plastic house, 1/4 acre section and am always 
seeking ways to improve sustainability. But most info is related to a 
new housing? just a comment not a gripe. Just takes me longer to 
research. 
I own a 60 year old home. The last few questions were not applicable 
to me 
For people already housed and settled inertia is the enemy. if you 
want to upgrade existing housing, which is the bulk of housing, 
specific targeted opportunities might produce engagement. For new 
housing influencing builders, designers, and architects to raise with 
their clients probably best approach. 
Thanks. We're about to do an extension and weren't sure where to 
find good information about this, which is important to us. 
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Lack of 
interest 
and/or 
knowledge 
from 
builders, 
developers 
and 
architects 
One of the biggest problems is the state of builders. I was watching 
some small houses building at Underdale, SA recently over months, 
and watched them build a house without an air penetration covering 
before the bricks were installed. No double glazing, aluminium 
windows etc. Lack of adequate care of sustainability. Cheap housing 
build and high cost of energy for the buyers there. Aussies are way 
behind the EU and USA/Canada. 
For new housing influencing builders, designers, and architects to 
raise with their clients probably best approach. 
Builder was not entirely familiar with the options 
Architects & builders need to be dragged, kicking and screaming, into 
the modern world. Most think that environmental concerns are not 
important. 
I suspect the greatest impediment to sustainable building is the 
dominance of volume builders who build as cheaply as possible often 
ignoring simple things such as insulation and orientation. In addition, 
consumers who have no interest in sustainable features but focus on 
things like stone benchtops and powder rooms. 
Builders sales-persons do not mention sustainability when discussing 
a new home. 
Consumer 
lack of 
knowledge 
and/or 
interest 
We found it very difficult to obtain valid and reliable information on 
Solar Energy and Battery installation. Most operators were only 
concerned with selling the product but were lean on actual operational 
facts. (Build completed 2016). 
A not-for-profit independent service would be useful (it's hard to tell 
who has a vested interest in telling you about a particular technology 
which reduces my confidence in exploring options). 
This really was an eye opener Never thought about what sustainable 
technologies are out there. Hopefully that weblink may make a 
difference. Keep it up!! 
In addition, consumers who have no interest in sustainable features 
but focus on things like stone benchtops and powder rooms. 
I am finding it hard to get general comparative costings and builds for 
different sustainable technologies on offer due to the newness of the 
product and unfamiliarity in general knowledge. 
This survey is an effective tool. It may helps to give more information 
to the public about the sustainability. 
Comment to Q12: the existing tools are not thorough enough and are 
being abused ; Knowing where to look maybe the problem. 
Comment to Q7: I haven’t used any of these websites 
I learnt a few things about the topic, thank you 
Legislation 
and cost 
driven 
It would require some legislation to make the question arise. 
There is too much regulation from Local Councils/Government 
regarding building. It appears to be focussed on being used as an 
excuse of getting money from the owner/builder. 
Any new technologies is a consumer (cost) driven decision. 
 
 84 
Therefore, this survey section ascertained and ranked the main barriers to 
sustainability technologies from a homeowners’ point of view. 
For sustainability to thrive and be incorporated into the mainstream, it is essential to 
understand how innovations emerge (Geels 2011). Rogers (1983) theories explain 
this, therefore, creating a combined transition model to sustainability (Figure 18) from 
which knowledge is the seed to a change. A socio-technical transition process is 
impacted by a dynamic interaction and co-evolution of factors. These factors interfere 
with the process and cause innovation to be either discarded and forgotten or adopted 
and accepted. Figure 27 identifies the main factors that interfere with the learning 
process of the transition. These factors, also known as barriers, must be addressed to 
provide homeowners with appropriate decision-making knowledge. 
4.1.5 Target Questions 
There was no direct question that related builders, developers and architects to the 
slow adoption of sustainability in the housing industry. On the other hand, separate 
questions were assessing their usefulness and knowledge regarding sustainability. 
Out of the applicable respondents, 68% agree that their builder was not helpful, 65% 
agree that their developer was not helpful, and 26% agree that their architect was not 
helpful. The qualitative research has also demonstrated that some respondents 
‘blame’ builders, developers and architects for the low quality and poorly designed 
homes across Australia. This study affirms the findings from the Crabtree and Hes 
(2009) survey, which found that only 3% of its respondents identify builders and 
architects as sources of information on sustainability. Crabtree and Hes (2009) study 
also highlights that 47% of builders identify consumers as barriers to sustainable 
housing. Therefore, consistent multi-sectoral communication and education still have 
not been achieved. Hence, one of the barriers perceived by the various players in the 
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housing sector (developers, architects, builders and homeowners) are each other 
(Crabtree and Hes 2009; Mazzo and Anda 2018).  
4.1.6 General 
This section provided a good overview of opinions. From the qualitative results, the 
main themes found within respondents’ answers were: non-technology related 
information; information on renovation; lack of interest and/or knowledge from 
builders, developers and architects; consumer lack of knowledge and/or interest; and 
legislation and cost driven. 
From this survey section, this study concludes that respondents are not only interested 
in information about additional technologies but also in improving their house design 
and construction quality. It can be noted that respondents lack knowledge, do not 
entirely trust suppliers and are not always supported by their builders, developers and 
architects. Also, an excess of regulations and lack of relevant legislation was identified 
by respondents as additional barriers to sustainable housing. 
This subsection, as well as subsection 4.1.5, identify various external factors, e.g. 
institutional, societal and financial, that can interfere with the decision-making process.  
For summary of all results please refer to Appendix B 
4.1.7 Study’s Limitation 
Some limitations to this study were identified. First, a large portion of respondents 
were interested in sustainability, and many wanted to support the study. Second, a 
high percentage of respondents were in Western Australia, which reduces the 
reflection of results to an Australia wide context. Third, the number of respondents (70) 
is low based on a sample size of approximately 8 million (considering one person as 
a decision-maker per number of detached and semi-detached dwellings in Australia) 
(Housing Industry Association 2018). Typically, a 95% level of confidence is applied, 
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and a margin of error of ±3 to ±5% is satisfactory (Rea and Parker 2014). Therefore, 
for a population of 8 million, a level of confidence of 95% and a margin of error of ±5%, 
the ideal number of respondents would be at least 385 (Survey Monkey 2019). 
4.1.8 Study Outcome 
Nevertheless, the study was able to: 
- Identify some of the barriers and drivers of sustainability technology adoption 
in the housing industry. 
- Ascertain the need for an online platform which provides guidance towards the 
selection of sustainability technologies and promotes its advantages efficiently 
and effectively 
- Assess homeowners’ sustainability knowledge and view on how the information 
gap could be overcome. 
 
The study information enabled the author to develop an online platform for enabling 
sustainable housing information across Australia. 
 
4.2 Final Survey 
This survey analysed the online platform impact on users and their future decision-
making process. Overall, it also analysed the contribution of this research to the better 
understanding of sustainability in the housing industry. This survey was developed 
based on the Technology Acceptance Model to simulate and predict how users are to 
accept and use the online platform. 
4.2.1 Surveyor categorisation 
The study received answers from a total of 18 respondents, with the majority being 
residents in Western Australia (56%). The predominance of respondents from WA is 
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likely due to being where the survey was promoted the most. Differently from the 
preliminary survey, the final survey had more respondents from other States. It is 
positive to have results from various States as this gives the study a country-wide view 
rather than region-specific. This demonstrates that there is a countrywide interest in 
home sustainability, therefore it is not a region-specific issue. 
61% of the respondents identified themselves as homeowners and 33% identified 
themselves as tenants (future home owners). Since the focus of this study was on 
homeowners, it is considered positive to have such a high percentage of respondents 
under these categories. 
4.2.2  Perceived Usefulness 
The measurement of usefulness depicts the platform complexity, compatibility and 
relative advantage. Information satisfaction influences the perceived usefulness, while 
the later influences attitude toward using and behavioural intention to use the platform. 
Therefore, a positive score under perceived usefulness questions means that the user 
found the online platform: 
- Easy to understand; 
- Acceptable; 
- Beneficial; and 
- Useful 
4.2.3 Perceived Easy to Use 
The measurement of perceived easy to use depicts the online platform relative 
advantage. System satisfaction influences the perceived easy to use, while the later 
influences attitude toward using and behavioural intention to use the platform. 
Therefore, a positive score under perceived easy to use questions means that the user 
is able to easily find information and finds the information advantageous. 
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4.2.4 Attitude, willingness and behavioural intention to use 
These measurements are strongly linked to perceived usefulness and perceived easy 
to use. A combination of all is what provides the final prediction of actual use. The 
questions  under this category reinforce the outcome of previous ones.  
4.2.5 Perceived satisfaction 
The measurement of perceived satisfaction adds value to the prediction model by 
strengthening the predictive value of user perceived usefulness and perceived easy 
to use. The questions under this category were split into analysing information 
satisfaction and system satisfaction.  
4.2.6 Overall 
Whenever possible, the questions were created to cover all three aspects being 
measured. That is, the calculators, the animated videos and the online platform in 
general. Table 7 presents a summary of all final survey results. 
 
Table 7. Final survey results summary. 
 
The results are consistently positive with a minimum of 65% of the responses falling 
under very useful or easy and extremely useful or easy. As previously discussed, this 
Strongly agree/
Extremely Useful 
or Easy
Somewhat agree/
Very Useful or 
Easy
Neither agree nor 
disagree/
Somewhat Useful or Easy
Somewhat 
disagree/
Not so Useful or 
Strongly 
disagree/
Not at all Useful 
Perceived Usefulness
Website 26% 44% 22% 4% 4%
Calculators 24% 43% 24% 9% 0%
Explanatory Videos 24% 45% 28% 3% 0%
Perceived Ease to use
Website 6% 59% 24% 6% 6%
Calculators 0% 69% 19% 13% 0%
Explanatory Videos 18% 59% 24% 0% 0%
Attitude, Willingness and behavioural Intention to use
Website 21% 44% 26% 6% 2%
Calculators - - - - -
Explanatory Videos - - - - -
Perceived Satisfaction
Website 19% 55% 16% 10% 0%
Calculators - - - - -
Explanatory Videos - - - - -
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shows that such tools could positively influence the end user (homeowners) into opting 
for more sustainable options when building or renovating their homes. 
As per qualitative analysis, there were not many open answers to provide enough data 
for analysis. For all survey results, refer to Appendix C. 
The same study’s limitation from the preliminary survey apply to the final survey. In 
addition, the number of respondents was even lower when compared with the 
preliminary survey. This was found to be related with the requirements of the survey. 
The survey required the respondent to browse through the website’s calculators and 
animated videos. Such requirement is time demanding and, unfortunately, reduced 
the amount of respondents. 
4.2.7 Study Outcome 
Nevertheless, the study was able to: 
1. Analyse the tools and online platform impact on users and their future decision-
making process. 
 
The results from the final survey predict a positive use of the online platform and its 
features. Finally, when asked if the information from the website would positively 
impact their future decision-making towards sustainable housing the respondents 
answers were as per Figure 28. 
 
Figure 28. Question 12.3 results. 
  
5.56%
22.22%
55.56%
16.67%
Strongly disagree
Somewhat disagree
Neither agree nor disagree
Somewhat agree
Strongly agree
Q12.3 I believe that the information from the website will positively impact my future 
decision-making towards sustainable housing.
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5 CHAPTER	5:	CONCLUSION	&	RECOMMENDATIONS	
 
This research incorporated social, technological and environmental learnings. The 
author notes the importance of mixing different research areas into the study to 
achieve the outcome. Sociology covered the research fundamentals, environmental 
learnings provided a background and covered the consequences of the problem, while 
technology provided the means to promote knowledge. The later, knowledge, was 
found to be both the reason and solution to change the current housing situation in 
Australia. 
As explained in the introduction and literature review sections, the built environment 
is responsible for a considerate amount of CO2 emissions. In addition, poor quality 
homes impact negatively on residents’ health and wellbeing. It was also shown that 
Australians lack knowledge in sustainability and poor quality houses are a common 
issue in the country. Innovation diffusion theory is the foundation of this research 
theory and provided the base to develop the transition process proposed. 
This aim of the research is to test the hypothesis that if the consumer is aware of the 
benefits and advantages of sustainable housing, they may see it as an investment 
rather than an extra cost. The results from the preliminary survey confirmed that cost 
is in fact the most considerate driver and barrier to sustainability technology. However, 
it was also noted that homeowners are not fully aware of the sustainability 
technologies benefits including economic. The online platform developed 
(SustainableHomeHQ) depicts some sustainability technologies providing not only 
explanatory videos but also online interactive calculators. These allow the user to gain 
information on all aspects of sustainability (social, environmental and economic). 
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The feedback to the online platform was mostly positive and showed that respondents 
were more willing to adopt a sustainability technology after learning more about its 
benefits. Therefore, within the limitations of the study and the relatively small dataset, 
it appears that the research hypothesis is true. 
Overall, this research contributes to the its field of study by providing: 
- Social understanding behind the low adoption of sustainability technologies in 
the housing industry along with a new transition process diagram; 
- Guidance on how to develop online platform, animated videos and calculators 
for cost-savings analysis; 
- Barriers and drivers of sustainability technology adoption in the housing 
industry; 
- Confirmation that the online platform may provide guidance towards the 
selection of sustainability technologies and promote its advantages efficiently 
and effectively; 
- Homeowners’ sustainability knowledge and view on how the information gap 
could be overcome; 
- Information on what sort of information homeowners require and how do they 
expect to receive it. 
The author recognises that better website design and development along with a higher 
number of respondents would provide more accurate results. Therefore, for future 
research in this field a partnership with a corporate fund would be ideal. In addition, it 
is recommended to add an optional email box in the preliminary survey so the 
respondents can be informed that the website is ready and are invited to the new 
survey. 
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APPENDIX A: ILLUSTRATION OF SUSTAINABLE HOME’S SUPPORTING STUDIES 
  
Figure 29. Josh's house in Perth, Australia (Josh Byrne & Associates 2017b). 
Figure 30. Christie Walk in Adelaide, Australia (Josh Byrne & Associates 2017a). 
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Figure 32. Arnimplatz apartments in Berlin, Germany (Nolde & 
Partner 2012). 
Figure 31. Honda Demonstration Home in California, US (Koenig 
2017). 
Figure 33. Smart Green Tower in Frankfurt, Germany (Wolfgang 
2017). 
 109 
  
Figure 36. Shanghai Eco-House in Shanghai, China 
(GIGA, n.d.). 
Figure 34. The Commons in Melbourne, Australia 
(Breath Architecture 2017). 
Figure 35. Baugruppen project development at WGV in Perth, Australia 
(Baugruppen 2017). 
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Figure 37. 5x4 Hayes Lane in 
Melbourne, Australia (Barley Store 
Productions Pty Ltd 2012). 
Figure 39. DecoHouse cohousing project in Denmark, Australia (D. 
Clarke 2015). 
Figure 38. Gen Y House at WGV in Perth, Australia (Landcorp 2017). 
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6 APPENDIX	B:	Preliminary	Survey	Summary	of	Results	
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